The water permeability of tissues was investigated by measuring the efflux of 3HHO from previously loaded (in darkness) etiolated White and Pike (14). and the plumular buds were excised. Oat seeds (Avena sativa L. var. Garry, Agway) were soaked in running tap water for 2 hr and then sown in vermiculite. After 5 days of growth, 7-mm apical coleoptile segments were excised.
Several investigators have suggested that phytochrome may act by altering membrane properties, particularly permeability. Jaffe and Thoma (7) showed a phytochrome-mediated alteration in the uptake of acetate by mung bean root tips. In the Albizzia pulvinule there are substantial light-induced changes in K+ flux, and the resulting osmotic movement of water controls leaflet movement (12) . However, the Albizzia system may not be a suitable general model, because it involves substantial turgordriven changes in cell size. Investigations of systems in which there are not massive turgor changes would be of broader significance. Phytochrome photostimulation can elicit rapid changes in trans-membrane potential, the consequence of changes in membrane permeability or in ion pumping (11). Kendrick and Hillman (9) , using flame photometric techniques, detected no red-induced changes in K+ uptake by etiolated pea epicotyl segments, but their first determination was 3 hr after irradiation.
Examination of tissue water relations might also provide information on membrane properties. Changes in water flux might result from osmotic responses to net ion fluxes or from changes in membrane water permeability per se. A 5-min red irradiation caused an immediate increase in the water permeability of Mougeotia cells (13) ; in contrast, 10 min of far red light increased the water permeability of the petiolar epidermis of Taraxacum officinale (1) . A study of water movement is also important as a correlate to an examination of the phytochrome control of elongation growth, since growth is a consequence of water uptake. In comparison, stem and coleoptile segments exhibit a rapid change in elongation rate upon application of auxin (4); Kang and Burg (8) showed an even more rapid auxininduced change in pea stem water permeability, but this observation has not been confirmed (2) . I have found no evidence of phytochrome-mediated changes in water permeability in three different etiolated tissues.
MATERIALS AND METHODS
Seeds of Pisum sativum L. var. Alaska (W. Atlee Burpee) were sown in vermiculite and grown in darkness at 27 + I C for 7.5 days. Internode segments 10 mm long were cut, beginning 3 mm below the apical hook. In some experiments the cuticle was abraded as described by Dowler et al. (2) . Etiolated seedlings of Phaseolus v'ulgaris L. var. Red Kidney were grown as described by White and Pike (14) . and the plumular buds were excised. Oat seeds (Avena sativa L. var. Garry, Agway) were soaked in running tap water for 2 hr and then sown in vermiculite. After 5 days of growth, 7-mm apical coleoptile segments were excised.
The basic incubation medium was 0.01 M potassium phosphate buffer, pH 6. containing 2% sucrose and 5 jum CoCl2 6H2O (8) . In one experiment with peas, a typical ion uptake medium, 0.5 mm CaC12. was utilized (3). The harvested tissue was distributed to small flasks, each containing 5 ml of medium and 5 juCi (10 ,uCi for oats) of 3HHO. Quantities of tissue used per flask were 10 bean buds, 15 pea epicotyl segments, or 20 oat coleoptile segments. The flasks were incubated in a shaking water bath at 27 + I C in the dark for 1.5 hr (long enough to ensure equilibration with the medium). After the uptake period, the tissue was blotted dry and placed in fresh unlabeled medium. The flasks were quickly replaced in the water bath, light treatments begun (as indicated in Table I) , and 50-,ul samples removed at appropriate times for measurement of efflux. Dark controls were run with each experimental trial.
To each 50-,lI sample was added 10 ml of scintillation fluid (toluene containing 5 g/l PPO and 50 mg/I POPOP) and I ml absolute ethyl alcohol. Samples were counted in a Nuclear Chicago Model 6868 liquid scintillation counter. Since all vials yielded nearly identical counting efficiencies by the external standard method, data are reported as cpm in the 50-,ul aliquots. The maximum level of radioactivity in the medium and the halftime for attainment of that level were determined. All experiments were repeated at least four times; the test of significance in all experiments was P < 0. 10 by the t-test.
All manipulations were conducted under dim green light. The safelights and actinic sources were as previously described (14) .
RESULTS
The first experiments conducted involved etiolated bean buds exposed during the efflux period to 5-min red light followed by darkness. A typical time course for the efflux of 3HHO is shown in Figure 1 ; the curve is typical of those seen in all other experiments. As shown in Table I . neither red (experiment 1) nor far red (experiment 2) had any significant effect, compared to dark controls, on the half-time for efflux of label.
Plant Physiol. Vol. 57, 1976 Experiments with pea stem segments showed no difference in efflux half-time between red irradiated (throughout the efflux period) and dark samples (Experiment 3). With this tissue replicate samples had very similar total fresh weights (unlike the situation with bean buds), so it was possible to compare the final level of radioactivity in the medium. No significant difference was seen between the red and dark treatments. The cuticle is a significant barrier to water entry, so that segments exchange material mainly through the cut ends (2) . In order to measure exchange involving the intact epidermal cells, the cuticle was abraded with emery powder. The half-times for efflux were considerably shortened (experiments 4 and 5), but there was no significant difference between red and dark or far red and dark treatments. The abrasion caused a drop in the final level of radioactivity, but this parameter was still unaffected by light. To investigate any possible influence of the incubation medium, experiments were conducted in 0.5 mm CaCI2. The results (experiment 6) were comparable to those in the phosphatesucrose medium.
Unabraded oat tissue showed no effects of red light on either parameter measured (experiment 7). Abraded coleoptile segments had an extremely short half-time (less than 0.5 min), so accurate determinations were not possible. 
DISCUSSION
The test systems employed respond differently to red light. In long term experiments the elongation of pea stem segments is inhibited (5), while that of apical oat coleoptile segments is promoted (6) . Bean buds exhibit the long term response of leaf expansion (15) , and rapid changes in ATP content have been demonstrated (14) . In no case did the present study indicate a light-induced change in the half-time for water efflux. These data argue against a change in membrane water permeability as a necessary step in the phytochrome control of these responses. In these experiments exchange with the external medium was studied. In the Albizzia pulvinule phytochrome influences ion transfer within the tissue ( 12) , and a similar kind of alteration in water movement is not precluded by these data.
The protocol for the bean bud experiments was chosen to be the same as that used in previous work on ATP content (10, 14) . Some experiments were done with pea stem segments using the 5-min irradiaton procedure; the results were strictly comparable to those reported here for continuous irradiation during the efflux period (experiment 3).
The measurements of total radioactivity exchanged might indicate any changes in the osmotic status of the cells; e.g., a net movement of ions could alter the osmotic potential component of water potential, or a change in growth rate could involve an alteration of the pressure potential component. In this study no light-dependent changes in final radioactivity in the medium were observed. Measurement of water influx could provide additional information on this point.
These results are in contrast to those in Mougeotia, in which red light induced a rapid increase in the rate of plasmolysis. The altered movement of water was not considered to be simply the consequence of net ion movement, but rather to reflect an actual change in plasma membrane water permeability (13) . Obviously, Mougeotia normally is bathed in water, while the tissues used here are not (13) . However, a phytochrome-mediated plasma membrane permeability change was observed in another aerial tissue, the petiole of Taraxacum (1), though the response was the opposite of that in Mougeotia. Both those studies used light-grown tissue (1, 13) , in contrast to the present work.
The half-times for efflux from both unabraded and abraded pea stem segments were considerably shorter than the corre- sponding values reported previously (2, 8) . The explanation for such differences is still obscure (2). The possible usefulness of studies of water influx as a correlate to growth measurements has been mentioned. The direct measurement of ion uptake may be a more sensitive technique (compared to the methods used here) for studying membrane events, and such studies are in progress.
